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(57) ABSTRACT

Motorized hub for an electrically powered motor vehicle
comprising a wheel hub mounted to rotate about a hub axis,
and an electric traction unit comprising an external stator
connected to a hub carrier and an internal rotor (31) whose
axis of rotation is distant from the hub axis. The motorized
hub comprises reduction means acting between shaft (33) of
rotor (31), friction braking means, and a braking rotor secured
to the hub. The reduction means comprise a drive pinion
connected to the rotor (31) and a ring gear connected to the
hub. A brake shaft passes through the hub carrier to connect
the braking rotor to the hub. The reduction means comprise
two reduction stages and the hub is mounted so that it can
rotate via rolling-contact hub bearings positioned around a
stub axle of the hub carrier, the brake shaft passing axially
through a cavity of the stub axle.

12 Claims, 2 Drawing Sheets
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MOTORIZED HUB COMPRISING AN
ELECTRIC TRACTION UNIT

RELATED APPLICATIONS

This is a U.S. National Phase Application under 35 USC
371 of International Application PCT/EP2011/061062 filed
on Jun. 30, 2011.

This application claims the priority of French application
no. 10/55271 filed Jul. 1, 2010, the entire content of which is
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to the ground contact system
of electrically powered motor vehicles, particularly to the
motorized wheels thereof.

BACKGROUND OF THE INVENTION

A certain number of proposals such as those in documents
EP 0878332, EP 1630026, WO 2006/032669, US 2007/
0257570, WO 2007/083209 or WO 2009/124892 are known
in this field.

In the present application, the expression “motorized hub”
is used to denote the mechanical assembly comprising the
hub, the hub carrier, the guidance of the hub with respect to
the hub carrier, the electric drive and the hub braking means.
The motorized hub is therefore intended on the one hand to
accept a wheel fitted for example with a pneumatic tyre and,
on the other hand, to support a vehicle, generally via suspen-
sion means. In the present application, the expression “motor-
ized wheel” is likewise used to denote the mechanical assem-
bly comprising the motorized hub defined hereinabove plus
the corresponding wheel.

Document WO 2009/124892 describes such motorized
hubs the design of which exhibits good compatibility with the
solutions already adopted and validated by motor manufac-
turers for certain elements such as the suspension systems and
the wheels. For this purpose, itis proposed that the shaft of the
electric unit be positioned radially on the outside of the brake
disc, the brake disc being positioned on the inboard side of the
vehicle with respect to the hub carrier. According to a first
alternative form depicted in FIGS. 1 and 2 of document WO
2009/124892, the hub rotates in a bore of the casing. The
casing therefore acts as a hub carrier and also supports the
brake caliper. The guidance rigidity of such a design proves to
be insufficient. According to another alternative form
depicted in FIG. 3 of that same document WO 2009/124892,
the hub rotates about a stub axle, the said stub axle crossing
the plane of the brake disc. The rigidity of this guidance also
proves to be insufficient because of the great length of the stub
axle. According to yet other alternative forms depicted in
FIGS. 4 to 8 of that same document, the hub rotates in a bore
of the casing but the brake caliper is this time held by the
suspension arm rather than by the casing. These latter alter-
native forms, although satisfactory from a guidance stand-
point, are very complicated to assemble and are therefore very
expensive both from a manufacturing and from a mainte-
nance standpoint.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to improve
motorized hubs of this type to make them perform even better,
for example by making them more rigid and/or more compact
and/or more lightweight.
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One aspect of the invention relates to a motorized hub for
an electrically powered motor vehicle, the said motorized hub
comprising a hub intended to accept a wheel, the hub being
mounted so that it can rotate with respect to a hub carrier
about a hub axis, the motorized hub comprising an electric
traction unit, the electric unit comprising an external stator
connected to the hub carrier, and an internal rotor the axis of
rotation of which is distant from the hub axis, the motorized
hub comprising reduction means acting between the shaft of
the rotor of the electric unit and the hub, the motorized hub
comprising dry-friction braking means, a braking rotor
cooled by the ambient air being secured to the hub in terms of
rotation via a brake shaft, the brake rotor being positioned
axially on the inboard side of the vehicle with respect to the
said hub, the shaft of the rotor of the electric unit being
positioned radially on the outside of the braking rotor and
extending axially from the reduction means towards the
inside of the vehicle, the reduction means comprising a drive
pinion connected to the rotor of the electric unit and a ring
gear connected to the hub, a brake shaft passing through the
hub carrier to connect the braking rotor to the hub, the brake
shaft being independent of the reduction means, the motor-
ized hub being characterized in that the reduction means
comprise two reduction stages and in that the hub is mounted
so that it can rotate via rolling-contact hub bearings posi-
tioned around a stub axle of the hub carrier, the brake shaft
passing axially through a cavity of the stub axle.

For preference, a first reduction stage provides for meshing
of the drive pinion with a gear wheel secured to an interme-
diate shaft, a second reduction stage provides for meshing of
a reduction pinion secured to the intermediate shaft with the
ring gear connected to the hub.

For preference, the axis of the intermediate shaft and the
axis of the rotor are parallel to the axis of the hub.

For preference, the braking rotor is a disc, a brake caliper
being secured to the hub carrier.

For preference, the brake shaft passing through the stub
axleis also guided with respect to the hub carrier by a bearing.

For preference, a casing contains the reduction means and
supports the electric unit.

For preference, the braking rotor extends radially out ofthe
radially innermost part of the stator of the electric unit, the
braking rotor being positioned axially between the stator of
the electric unit and the reduction means.

Another aspect of the invention relates to a motorized
wheel comprising such a motorized hub.

For preference, the motorized wheel comprises a one-piece
conventional wheel, more preferably still made of steel sheet.

Another aspect of invention relates to a vehicle comprising
at least two such motorized wheels.

For preference, two motorized wheels are arranged on the
rear axle of the said vehicle. Again for preference, the hub
carriers of the two motorized wheels are each secured to an
arm of a rear torsion axle or rear trailing arm axle of the said
vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will
become apparent from the description of a preferred embodi-
ment. The figures respectively depict:

FIG. 1: plan view of one embodiment of the motorized hub
according to the invention, from the inboard side of the
vehicle along the hub axis.

FIG. 2: view of this embodiment in cross section along the
broken line A-A visible in FIG. 1.
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In the various figures, elements that are identical or similar
bear the same reference. They are therefore not systemati-
cally redescribed.

DETAILED DESCRIPTION OF THE DRAWINGS

The figures depict a preferred embodiment of a motorized
wheel according to the invention. The motorized hub 1 is
intended to guide and control the rotation of a wheel 2. The
pneumatic tyre has been omitted from the figures. A hub 7,
intended to accept the wheel 2, is mounted so that it can rotate
with respect to a hub carrier 5 about a hub axis M.

The hub axis M is a constant reference in the present
application and it is with respect to this axis that reference is
made in order to qualify an orientation as either “radial” or
“axial”. Remember, and according to the usage employed in
the field of wheels or tyres, an axial orientation is an orienta-
tion parallel to the axis of the hub and a radial orientation is an
orientation perpendicular to the axis of the hub.

An electric unit 3 drives and, where appropriate brakes, the
hub. To simplity the drawing of the electric unit, only the shaft
33 of the internal rotor 31 and the sleeve of the external stator
32 have been depicted. The rotation of the electric unit is
coupled to the rotation of the hub via reduction means 4.

One essential feature of the motorized hub according to the
invention is that the reduction means 4 comprise at least two
reduction stages. For preference, as depicted here, the reduc-
tion means consist of two reduction stages. The first reduction
stage consists of the meshing of the drive pinion 42 and of a
gear wheel 43 connected to an intermediate shaft 41. The
drive pinion 42 is driven via the shaft 33 of the rotor of the
electric unit 3. The second reduction stage consists of the
meshing of a reduction pinion 44 connected to the interme-
diate shaft 41 with a hub ring gear 45 secured to the hub 7.

The axis of the rotor R is distant from the hub axis M. The
axis | of the intermediate shaft 41 is preferably, as depicted
here, parallel to the hub axis M and to the axis of rotation R of
the rotor. The overall reduction ratio is preferably higher than
15.

Another essential feature of the motorized hub according
to the invention is that the hub carrier 5 comprises a stub axle
51 about which the hub turns, guided by rolling-contact hub
bearings 71. The inner part of the rolling-contact hub bearings
is therefore fixed because secured to the hub axle 51, whereas
the outer part of the rolling-contact bearings rotates with the
hub 7. In this preferred embodiment, guidance is afforded by
a double row ball bearing positioned more or less facing the
ring gear 45 secured to the hub.

Another essential feature of the motorized hub according
to the invention is that the braking rotor, which in this instance
means the disc 12, is situated on the inboard side of the
vehicle with respect to the hub carrier. A brake shaft 73
secured to the hub 7 directly drives the rotation of the disc.
The hub and the disc are therefore at all times driven at the
same rotational speed irrespective of the transmission
between the electric unit and the hub, which means to say
irrespective of the reduction means. The brake shaft works in
parallel with the reduction means and therefore does not form
part of the transmission. To achieve this, the brake shaft runs
axially through the hub carrier, which means to say that it
rotates in a cavity 52 of the stub axle 51. The stub axle is
therefore hollow.

Achieving independence between the transmission and the
braking means is important from an operational safety stand-
point.
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For preference, the brake shaft is also guided by a bearing
55 in the stub axle. For preference, this bearing is a needle
bearing. The brake shaft is hollow here also, in order to limit
its weight.

The reduction and guidance means assembly is housed in a
casing 8. The casing may also contain a suitable quantity of
lubricant for lubricating it all by splash lubrication. The inte-
rior part 81 of the casing here is not made as one with the hub
carrier 5 but these two components are assembled using bolts
83. One advantage of this separation is that different materials
can then be chosen for the hub carrier and for the casing, for
example steel and an aluminium alloy respectively. The outer
part 82 of the casing has a central opening for the hub 7. A lip
seal 84 provides sealing around the hub. It will be appreciated
that a sealed rolling-contact bearing could be fitted instead of
the seal 84 in order further to enhance the guidance of the
wheel and the reduction means. The casing is particularly
compact and rigid because of the small-diameter ring gear.

The stator 32 of the electric unit is connected in terms of
rotation to the hub carrier 5. This connection, which is nec-
essary for transmitting torque, may be rigid and direct as
depicted here but may equally be indirect in order to allow a
relative rotational movement to cope with suspension travel.
This relative movement must of course be limited and is
intended to allow a certain degree of independence between
the transmitted torque and the dynamic rigidities (vertical and
horizontal) of the suspension device. In this instance, the
stator 32 is therefore secured to the casing 8 while the casing
is itself secured to the hub carrier 5. Assuming that casing
rotation with respect to the hub carrier is permitted, this
rotation can be controlled for example by a link rod acting
between the casing and the body shell of the vehicle (not
depicted).

The motorized hub according to the invention may be fixed
to the vehicle, more specifically to its suspension system, by
means of bolts fitted into screw threads 56 of the hub carrier
5. The casing 8 is then fixed to the base of the stub axle and
then supports only the electric unit and the reduction means.

As schematically indicated in the figures, the motorized
hub according to the invention may be fixed to a trailing arm
10 of an axle of a vehicle, for example a rear torsional axle or
trailing arm axle. The front of the vehicle is then to the left in
FIG. 1. It will be readily understood that the motorized hub
according to the invention may also be combined with other
types of front or rear suspension system, such as semi-trailing
arm systems, multilink systems, or MacPherson strut or
pseudo-MacPherson strut systems.

The brake caliper 11 is of course secured to the hub carrier
5, for example via the suspension arm 10.

The vehicle according to the invention may be a purely
electrically powered vehicle or a hybrid vehicle. One advan-
tageous way of constructing a hybrid vehicle is to combine
conventional combustion engine power for the front axle with
electric drive to the wheels of the rear axle using motorized
hubs according to the invention. The source of electrical
power may be a bank of batteries or supercapacitors, a fuel
cell, an urban network in the manner of trolley buses, or any
other available electrical power source.

The figures depict just one electric unit. Naturally, it is
possible according to the invention to use two or more units
for each hub, the units each meshing via their own drive
pinion with dedicated or shared reduction means. With mul-
tiple drive units, it is possible to increase the torque available
and/or to reduce the axial and radial dimensions of the electric
units.

Likewise, it is a disc brake that has been systematically
depicted. This is because this is the preferred embodiment
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although the person skilled in the art knows that in certain
situations it may be preferable to use a drum brake instead of
the disc brake.
However the invention is embodied, the reduction means
are preferably reversible so as to allow the electric unit to be
used in braking mode. The electrical energy recuperated by
the electric unit during braking mode can be stored or dissi-
pated in the way known per se.
One advantage of the present invention is that use can be
made of wheels and brakes (air-cooled ventilated or unventi-
lated single-disc dry brakes and calipers) which are entirely
conventional and therefore relatively economical to purchase
and to maintain.
A flange 72 is fixed at the outer end of the hub 7 and accepts
the wheel 2 attached by bolts which have not been depicted.
Naturally, a different wheel could be fixed directly to the hub
7 without recourse to the flange, but the system depicted here
has the advantage of accommodating entirely conventional
wheels and wheel bolts. The wheel depicted here is a standard
one-piece wheel made of sheet steel.
For preference, as depicted in the figures, all of the reduc-
tion means is contained in the wheel. In this instance, the
whole of the stator of the electric unit is positioned axially
outside the wheel toward the inboard side of the vehicle.
Depending on the dimensions of the wheel in particular, a
greater or lesser proportion of the electric unit can be included
inside the wheel.
For preference, the rotation of the electric unit is perma-
nently coupled to the rotation of the hub as depicted here.
Although the present description concentrates on one spe-
cific embodiment, the person skilled in the art knows how to
conceive of other combinations of different means described
here with other means not described here but known from the
prior art.
The invention claimed is:
1. A motorized hub for an electrically powered motor
vehicle, the motorized hub comprising:
ahub configured to accept a wheel, the hub being mounted
to rotate with respect to a hub carrier about a hub axis;

an electric traction unit, the electric traction unit compris-
ing an external stator connected to the hub carrier, and an
internal rotor, wherein an axis of rotation of the internal
rotor is distant from the hub axis;

areduction device acting between a shaft of the rotor of an

electric unit and the hub

a dry-friction brake; and

a braking rotor configured to be cooled by ambient air

being and secured to the hub in terms of rotation via a
brake shaft, the braking rotor being positioned axially on
an inboard side of the vehicle with respect to the hub, the
shaft of the rotor of the electric traction unit being posi-
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tioned radially on the outside of the braking rotor and
extending axially from the reduction device towards
inside the vehicle,

wherein the reduction device comprises a drive pinion
connected to the rotor of an electric unit and a ring gear
connected to the hub, the brake shaft passing through the
hub carrier to connect the braking rotor to the hub, the
brake shaft being independent of the reduction device,

wherein the reduction device comprises two reduction
stages, and

wherein the hub is mounted so that it can rotate via rolling-
contact hub bearings positioned around a stub axle of the
hub carrier, the brake shaft passing axially through a
cavity of the stub axle.

2. The motorized hub according to claim 1, wherein:

a first reduction stage comprises meshing of the drive pin-
ion with a gear wheel secured to an intermediate shaft,
and

a second reduction stage comprises meshing of a reduction
pinion secured to the intermediate shaft with the ring
gear connected to the hub.

3. The motorized hub according to claim 1, wherein:

the braking rotor is a disc, and

a brake caliper is secured to the hub carrier.

4. The motorized hub according to claim 1, wherein the
brake shaft passing through the stub axle is also guided with
respect to the hub carrier by a bearing.

5. The motorized hub according to claim 1, wherein a
casing contains the reduction device and is configured to
support the electric unit.

6. The motorized hub according to claim 1, wherein:

the braking rotor extends radially out of the radially inner-
most part of the stator of the electric unit, and

the braking rotor is positioned axially between the stator of
the electric unit and the reduction device.

7. A motorized wheel comprising the motorized hub

according to claim 1.

8. The motorized hub according to claim 2, wherein the
axis of the intermediate shaft and the axis of the rotor are
parallel to the axis of the hub.

9. The motorized wheel according to claim 7, further com-
prising a one-piece wheel.

10. A vehicle comprising at least two motorized wheels
according to claim 7.

11. A vehicle according to claim 10, wherein two motor-
ized wheels are arranged on a rear axle of the vehicle.

12. The vehicle according to claim 11, wherein the hub
carriers of the two motorized wheels are each secured to an
arm of a rear torsion axle or trailing arm axle of the vehicle.
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